Hypoxia promotes nucleus pulposus phenotype in 3D scaffolds in vitro and in vivo: laboratory investigation.
The role of oxygen in disc metabolism remains a matter of debate. Whether the effect of hypoxic priming on the nucleus pulposus phenotype can be maintained in vivo is not clear. The goal of the present study was to test the hypothesis that priming in a low oxygen tension in vitro could promote a nucleus pulposus phenotype in vivo. Bovine nucleus pulposus cells were seeded in 3D scaffolds and subjected to varying oxygen tensions (2% and 20%) for 3 weeks. The constructs were then implanted subcutaneously for 8 weeks. Changes in the extracellular matrix were evaluated using quantitative real-time reverse transcriptase polymerase chain reaction, glycosaminoglycan (GAG) assay, DNA assay, collagen quantification, and histological and immunohistological analyses. Hypoxia resulted in greater production of sulfated glycosaminoglycan and higher levels of gene expression for collagen Type II, aggrecan, and SOX-9. Furthermore, after hypoxic priming, the subcutaneously implanted constructs maintained the nucleus pulposus phenotype, which was indicated by a significantly higher amount of glycosaminoglycan and collagen Type II. Hypoxia enhanced the nucleus pulposus phenotype under experimental conditions both in vitro and in vivo. When used in combination with appropriate scaffold material, nucleus pulposus cells could be regenerated for tissue-engineering applications.